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(57)Abstract: 

PURPOSE: To obtain the title honeycomb structure freed from 
developing melt damage or thermal shock fracture when heated for 
the purpose of its reuse, by forming partition walls made of porous 
material having three-dimensional network structure, and also forming 
the mean size of the open pores in said network structure so as to 
become gradually larger from the partition walls located at the center 
of the structure towards those walls located on the periphery. 
CONSTITUTION: The objective silicon carbide honeycomb structure 
in which numerous penetrating holes 1a are arranged side by side in 
the axis direction through thin partition walls 1b. The constitution of 
this honeycomb structure is as follows: the partition walls 1b are made 
of a porous material having three-dimensional network structure 
composed mainly of lamellar crystals with an average aspect ratio of 
2W50, and the average size of the open pores in said network 

structure is formed so as to become stepwise or continuously larger from the partition walls located at the 
center of the structure towards those walls located on the periphery (in the direction expressed by the 
arrow). 
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Claims 

1 . A silicon carbide honeycomb structure in which a plurality of passage holes running in 
the axial direction are adjacent to each other separated by thin barrier walls, said silicon carbide 
honeycomb structure characterized in that said barrier walls are composed of a porous body 
having a three-dimensional network structure that has tabular crystals as the primaryxomponent 
with an average aspect ratio in the range of 2 to 50, and is formed so that the average pore 
diameter of the open pores in said network structure increases in a step-wise or continuous 
manner from the central barrier walls to the circumferential barrier walls in the honeycomb 
structure. 

2. The silicon carbide honeycomb structure according to Claim 1, wherein the average 
thickness in the direction of the minor diameter of said tabular crystals is 1 to 500 p.m. 

3. The silicon carbide honeycomb structure according to Claim 1 or 2, wherein said 
tabular crystals are contained at 20 parts by weight or more with respect to 100 parts by weight 
of said porous body. 

4. The silicon carbide honeycomb structure according to any of Claims 1 to 3, wherein 
the average pore diameter of the open pores in said three-dimensional network structure is in the 
range of 1 to 50 \im. 

5. TKe silicon carbide honeycomb structure according to any of Claims 1 to 4, wherein 
the open porosity in said three-dimensional network structure is 20 to 95 vol%. 

6. The silicon carbide honeycomb structure according to any of Claims 1 to 5, wherein 
the specific surface area of said silicon carbide porous body.is at least 0.05 m2/g. 

7. A method for producing a silicon carbide honeycomb structure where the barrier walls 
have open pores with a three-dimensional network structure, which comprises a first step in 
which silicon carbide powder is used as starting material and a mixture is obtained by adding 
crystal growth aid as necessary; a second step in which binder for molding is added to said 
mixture, and a molded body is obtained that has been molded into a honeycomb form; and a third 
step in which said molded body is placed in a heat-resistant container and is fired in the 
temperature range of 2000 to 2500°C while blocking the ingress of external air, said method for 
producing a silicon carbide honeycomb structure characterized in that, in obtaining the molded 
body in the second step above, at least one element, or compound thereof, selected from 
aluminum, boron, calcium, chrome, iron, lanthanum, lithium, yttrium, silicon, nitrogen, oxygen 
and carbon is introduced so that a concentration gradient is produced in the molded body, and 
molding is carried out so that the average pore diameter of the open pores in said network 



* Numbers in the right margin indicate pagination of the original text. 
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structure increases in a step-wise or continuous manner from the central barrier walls to the 
peripheral barrier walls of the honeycomb structure. 

Detailed description of the invention 
Industrial application field 

The present invention relates to a silicon carbide honeycomb structure and a method for 
its production. In additional detail, the present invention relates to a silicon carbide honeycomb 
structure and a method for its production, whereby it is possible to efficiently perform heat 
transfer, chemical reactions, material transfer and the like at the barrier wall surfaces of the 
honeycomb structure, and whereby fusion damage or thermal shock damage to the honeycomb 
structure can be prevented when heating is performed for reuse. 

Prior art 

As shown in Figure 1 and Figure 2, for example, ceramic honeycomb structures are 
known which comprise porous barrier walls in which one end of numerous passage holes that are 
connected in the form of a beehive via thin barrier walls (lb) are filled and sealed with packing 
(2), for example, every other hole both vertically and horizontally, whereas the other ends of the 
passage holes adjacent to the sealed passage holes are filled with sealing material (3) and sealed. 
These structures are known as exhaust gas cleaners that adsorb and remove microparticulate 
carbon contained in exhaust gas from various types of combustion devices such as diesel 
automobile engines. 

In the past, cordierite and silicon carbide have frequently been use as primary 
components in these types of honeycomb structures, but when cordierite is used as the primary 
component, the ceramic particles of the barrier walls tend to orient in the direction of extrusion 
during extrusion molding, which makes it difficult for fluids to pass through the barrier walls, 
and increases pressure loss. In addition, ceramic particles have small contact surface areas 
because they are tabular and have comparatively smooth surfaces, which leads to problems with 
efficient performance of thermal transfer and the other operations indicated above. 

When silicon carbide is used as the primary component, on the other hand, the ratio of 
pores present in the barrier walls is comparatively low, at 30 to 40%, and so the air flow 
resistance increases and the utilized contact surface area between the gas or liquid and the 
particles decreases. Consequently, there is the problem that such materials are not suitable for 
applications such as catalyst carriers and filters. 

The inventor of the present invention has previously offered a honeycomb structure that 
solves these types of problems in Japanese Patent Application No. Sho 59[1984]-143235, where 
the honeycomb structure has silicon carbide porous barrier walls that are constituted by a 



4 



comparatively high ratio of pores and a three-dimensional network structure is formed in which 
platelet-form crystals are intertwined in a complicated multidirectional manner. 

Problems to be solved by the invention 

Due to its large effective specific surface areas, this honeycomb structure, in comparison 
to conventional materials, facilitates active incorporation of liquid from a flow that runs in the 
axial direction of the honeycomb structure, while also causing turbulent flow of liquid generated 
by the hairier walls, so that uniformity is promoted by diffusion and agitation within the flow. In 
addition, the honeycomb structure also has the merit of performing effective thermal transfer, 
chemical reactions, material transfers and other functions at the surfaces of the barrier walls. 
Because the material has silicon carbide as the primary component, it also has characteristics 
whereby the melting point is higher than materials in which cordierite is the primary component, 
and the material can thus withstand high temperatures occurring during heating for reuse. 

However, when microparticulate carbon that has been adsorbed and recovered on the 
barrier walls is heated with a burner or heater with the aim of reusing the honeycomb structure, 
the heat of combustion of the carbon itself that has been recovered tends to accumulate in the 
center regions, and so there is the problem that use may be impossible due to fusion damage or 
thermal shock damage to the thin barrier walls that form the passage holes in this region, even 
when silicon carbide has been used as the primary component. 

The present invention has the objective of offering a novel silicon carbide honeycomb 
structure and method for its production whereby the effects of the aforementioned silicon carbide /3 
honeycomb structure are not compromised and there is no danger of fusion damage or thermal 
shock damage when the material is heated for reuse. 

Constitution of the invention 
Means to solve the problems 

The silicon carbide honeycomb structure of the present invention is a silicon carbide 
honeycomb structure in which a plurality of passage holes running in the axial direction are 
adjacent to each other separated by thin barrier walls, where this silicon carbide honeycomb 
structure is characterized in that the barrier walls are composed of a porous body having a 
three-dimensional network structure that has tabular crystals as the primary component with an 
average aspect ratio in the range of 2 to 50, and is formed so that the average pore diameter of 
the open pores in the aforementioned network structure increases in a step-wise or continuous 
manner from the central barrier walls to the circumferential barrier walls in the honeycomb 
structure. 
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Formation of a three-dimensional network structure in which tabular crystals are 
intertwined in a complex form in the barrier walls is performed in order to facilitate sintering 
under the specified conditions described below. 

The reason that the average aspect ratio is 2 to 50 is that the pores that are constituted by 
the silicon carbide crystals have a comparatively small volumetric ratio of crystals when the 
[aspect] ratio is less than 2, making it difficult to form large pore diameters with high porosity. If 
the ratio exceeds 50, on the other hand, then the strength of the joints of the tabular crystals 
decreases, leading to a dramatic decrease in the strength of the porous body itself. As a result, 
preserving the shape of the honeycomb structure becomes difficult. A more preferable aspect 
ratio range is 3 to 30. 

The aspect ratio (R) of the silicon carbide tabular crystals referred to herein is the ratio of 
the maximum length (X) of the individual tabular crystals observed over any cross section of the 
sintered body and the average thickness (Y) along the minor diameter thereof; specifically, the 
value expressed as R = X/Y. 

In addition, the average thickness of the tabular crystals in the direction of the minor 
diameter is preferably 1 to 500 ^im, with 3 to 300 (xm being additionally desirable. The reason for 
this is that the resulting pores formed from the above tabular crystals will be small if the 
thickness is less than 1 ^im, and the flow rate will decrease. If the thickness is greater than 
500 \im, on the other hand, then the number of joints between tabular crystals will decrease, 
reducing joint strength, and making shape retention difficult. 

The above tabular crystals preferably account for at least 20 parts by weight with respect 
to 100 parts by weight of the above porous body. If this amount is less than 20 parts by weight, 
then the pores that are formed by the crystals will be small relative to the volume accounted for 
by the crystals, which will decrease the effective surface area for performing the thermal transfer, 
chemical reaction or material transfer function referred to above. In addition, because the joint 
surface area of the tabular crystals is reduced, there may be a dramatic decrease in the 
mechanical strength of the porous body itself. It is the most preferable for the amount to be at 
least 40 parts by weight. 

The silicon carbide honeycomb structure of the present invention has barrier walls 
comprising a porous body having the above three-dimensional network structure and, in addition, 
is characterized in that the pores are formed so that the average pore diameter of the open pores 
in the above network structure becomes larger in a step-wise or continuous manner from the 
central barrier walls to the circumferential barrier walls of the honeycomb structure. 

The reason for this, as stated above, is that when the average pore diameter of the barrier 
walls consisting of porous body that constitutes the honeycomb structure is constant over the 
entire structure, then the heat of combustion when reuse is intended will tend to accumulate at 
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the center. With the present invention, on the other hand, the average pore diameter increases 
from the center to the periphery, so that the heat of combustion does not accumulate in the center 
regions and is smoothly released outwards, making it possible to prevent fusion damage or 
thermal shock damage to the barrier walls that occurs in conjunction with heating for reuse. 

The average pore diameter of the pores of the above network structure is preferably in the 
range of 1 to 50 \im. If the diameter is less than 1 ^im, then the resistance to passage of liquid will 
decrease [sic], whereas if this diameter exceeds 50 urn, then the strength of the porous body itself 
will decrease. A preferred range is 2 to 30 ^m. The above value of the average pore diameter is a 
value obtained by the mercury pressure method. 

Consequently, the average pore diameter of the porous body that constitutes the barrier 
walls of the honeycomb structure of the present invention is within the above range and, as 
indicated by the broken line in Figure 1 and Figure 2, the diameter is the smallest at the center I A 

region of the honeycomb structure and increases in a step-wise or continuous manner towards the 
peripheral regions. 

The open porosity of the aforementioned network structure is preferably 20 to 95 vol%. 
This is because some of the pores will be isolated pores if the porosity is less than 20 vol%, and 
the aforementioned effective surface area will decrease. If the value exceeds 95 vol%, on the 
other hand, then the effective surface area will increase, but the capacity for shape retention of 
the honeycomb structure will be preserved. It is preferable for the value to be 30 to 90 vol%. 

In addition, the minimum specific surface area of the aforementioned silicon carbide 
barrier walls is preferably 0.05 m2/g, with 0.2 m2/g being the most preferred. The specific 
surface area referred to herein is a value determined by the BET method using nitrogen 
absorption. 

The method for producing the silicon carbide honeycomb structure of the present 
invention will now be discussed. 

The method for producing the silicon carbi dehoneycomb structure of the present 
invention is a method for producing a three-dimensional network structure of open pores in the 
barrier walls, which comprises a first step in which silicon carbide powder is used as starting 
material and a mixture is obtained by adding crystal growth aid as necessary; a second step in 
which binder for molding is added to this mixture, and a molded body is obtained by molding the 
material into a honeycomb form; and a third step in which the molded body is inserted into a 
heat-resistant container and is fired in the temperature range of 2000 to 2500°C while shielding it 
from the ingress of external air. This method for producing a silicon carbide honeycomb 
structure is characterized in that, in order to obtain a molding in the second step above, at least 
one element or compound thereof selected from aluminum, boron, calcium, chrome, iron, 
lanthanum, lithium, yttrium, silicon, nitrogen, oxygen and carbon (referred to below as "transfer 
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layer forming aid") is introduced into the molded body so that a concentration gradient is 
produced, and thus the average pore diameter of the open pores in the network structure 
increases in step-wise or continuous manner from the central barrier walls to the peripheral 
barrier walls of the honeycomb structure. 

In the first step, the reason that it is preferable to use silicon carbide powder as the 
starting material is that P-form silicon carbide crystals are low-temperature stable crystals that 
are synthesized at comparatively low temperatures. During sintering, some of the crystals 
undergo a phase transition to high-temperature stable P-crystals such as 4H, 6H or 15R forms, 
thus facilitating the formation of tabular crystals. In addition, the material has excellent crystal 
growth properties. In particular, by using a starting material that consists of 60 wt% or greater of 
p-form silicon carbide, it is possible to produce the porous body that is the objective of the 
present invention. It is even more advantageous to use as starting material that contains 70 wt% 
or greater of p-form silicon carbide. 

Examples of crystal growth aids that may be cited include aluminum, boron, iron and 

carbon. 

Next, in the second step, a molding binder such as methyl cellulose, polyvinyl alcohol or 
water glass is added to the mixture obtained in the first step, and a honeycomb-form molded 
body is obtained by extrusion molding, sheet molding, press molding or other method. Next, at 
least one element or compound thereof selected from aluminum, boron, calcium, chrome, iron, 
lanthanum, lithium, yttrium, silicon, nitrogen, oxygen and carbon is introduced so that a 
concentration gradient is generated in the molded body. This method involves applying a 
solution containing the above compound directly to the molded body, or removing the molding 
binder from the molded body to produce a porous condition, followed by infusion in a similar 
manner. 

Formation of a concentration gradient is carried out because aluminum, boron, calcium, 
chrome, iron, lanthanum, lithium and yttrium among the above substances have a tendency to 
increase the rate of silicon carbide crystallite growth. Many nuclei of tabular crystals thus are 
produced in locations in which these substances are present, and tabular crystals are thus 
generated in the regions. As a result, the size of the tabular crystals that are formed is inhibited, 
so that a three-dimensional network structure with a finer structure can be produced in regions 
where a large amount of these substances is present. 

Silicon, nitrogen, oxygen and carbon, on the other hand, tend to slow the rate of 
crystallite growth with silicon carbide, and so nucleation of tabular crystals is inhibited in 
regions where these substances are present, leading to a comparatively low number of tabular 
crystals that are formed. As a result, each of the tabular crystals grows to a comparatively large /5 
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size, so that a three-dimensional network structure is produced that has more coarse structure in 
regions in which large quantities of these substances are present. 

Consequently, examples of methods that may be used in order to obtain a silicon carbide 
honeycomb structure in which the average pore diameter of the open pores in the network 
structure increases in a step-wise or continuous manner from the central barrier walls to the 
peripheral barrier walls of the honeycomb structure include a method in which aluminum, boron, 
calcium, chrome, iron, lanthanum, lithium or yttrium transfer layer formation aid is introduced 
near the center of the honeycomb molded body using the method described below, followed by 
sintering; a method in which silicon, nitrogen, oxygen or carbon is introduced near the outer 
periphery of the honeycomb molded body and sintering is carried out by the method described 
below; or a method in which the two methods are earned out in conjunction. 

If the above transfer layer formation aids are present in large amounts in the sintered 
body, the characteristics of the silicon carbide itself will be lost, and so it is preferable for there 
to be as little of the material as possible. It is desirable for the residual amount thereof in the 
sintered body to be 10 parts by weight or less with respect to 100 parts by weight of the silicon 
carbide, with 5 parts by weight or less being further desirable. 

Next, in the third step, the resulting molded body is sealed in a heat-resistant container, 
and is sintered in a temperature range of 2000 to 2500°C while preventing the ingress of external 
air. 

The reason that the material is placed in a heat-resistant container and is sintered while 
preventing the ingress of external air is that fusion of adjacent silicon carbide crystals and growth 
of tabular crystals are thereby promoted, and a three-dimensional network structure is thus 
. produced in which the tabular crystals are intertwined in a complex manner. 

Stimulation of the growth of tabular crystals is thought to result from the promotion of 
evaporation-recondensation of silicon carbide between the silicon carbide particles and/or 
movement by means of surface diffusion. 

In contrast, when a conventional sintering method carried out at nonnal pressure, at 
atmospheric pressure, or under reduced pressure is attempted, not only is the growth of tabular 
crystals poor, but the joints between silicon carbide microparticles assume a constricted form 
similar to necking, which decreases the strength of the sintered body. 

The aforementioned heat resistant container is preferably a heat resistant container that is 
composed of at least one material selected from graphite, silicon carbide, tungsten carbide, 
molybdenum and molybdenum carbide. 

In addition, the reason that the sintering temperature is 2000 to 2500°C is that particle 
growth will be insufficient at temperatures below 2000°C and the production of a porous body 
having high barrier wall strength will be difficult. If the temperature is grater than 2500°C, on the 
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other hand, evaporation of silicon carbide will be extreme, and the tabular crystals will 
conversely shrink, making it difficult to produce a porous body having high strength. It is more 
preferable for the range to be 2100 to 2300°C 

Application examples 
Application Example 1 

The silicon carbide micropowder used as the starting material was a material comprising 
80 wt% of p-form crystals. The amounts of impurities contained in the starting material, in terms 
of parts by atomic weight, were 0.01 of B, 0.5 of C, 0.01 of Al, 0.2 of N and 0.08 of Fe, with 
other elements being present in trace amounts. The total amount of these impurities was 0.81 
parts by atomic weight. In addition, the average particle diameter of the starting material was 0.3 
jim, and the specific surface area was 18.7 m 2 /g. 

1 0 parts by weight of methylcellulose and 20 parts by weight of water were added as 
molding binder to the starting material. The materials were then kneaded, and an extrusion 
molding method was used in order to produce a silicon carbide honeycomb structure with a 
diameter of 130 mm, a length of 120 mm, a passage hole barrier wall thickness of 0.3 mm and a 
passage hole number of approximately 200 per square inch. 

This molded body was then heated in an oxidative atmosphere to 500°C at a rate of 
elevation of l°C/min in order to oxidize and remove the aforementioned organic binder. 40% 
phenol resin alcohol solution was then infused over a 20 mm region from the periphery of the 
molded body, and the material was then dried. As a result, the free carbon level was 8% at 20 



mm from the outer periphery, and gradually decreased in a continuous manner towards the 



interior to produce a free carbon content of 0.3% at a location 20 mm from the center. 



\ 

^ y Subsequently, the molded body was introduced into a graphite crucible with a porosity of. 

X 20%, and was sintered in an Ar gas atmosphere at 1 atm. 16 

Sintering was carried out by increasing the temperature to 2 1 50°C at 2°C/min and was 
retained for 4 h at the maximum temperature. 



V 



A pplication Examples 2-5. Comparative Examples 1 to 4 

The results regarding barrier wall structure, performance and other aspects of the 
^ $ honeycomb structure are presented in the following table for cases in which the same procedure 
as in Application Example 1 was carried out, but in addition to the phenol resin, an aqueous 
j£ solution of alumina sol (0.05 \xm particles) was added over a 20 mm diameter region from the 



^ center so that the Al content was 0.2 wt% (Application Example 2); or BN micropowder (particle 
*^^diameter 0.2 \im) was applied over a 20 mm diameter region from the center without adding 
J&€x\o\ resin so that the B content was 0.1 wt% (Application Example 3); or the material was 

y .,.,*>- 




produced in the same manner as in Application Example 1, but phenol resin was not added 
(Comparative Example 1); or the overall B content was changed to 0.4 wt% (Comparative 
Example 2); or the same procedure as in Application Example 1 was carried out but the sintering 
temperature was a maximum temperature of 2300°C and the residence time was 10 h 
(Application Example 4); or the sintering temperature was a maximum temperature of 2050°C 
and the residence time was 2 h (Application Example 5); or the sintering temperature was 
1800°C (Comparative Example 3); or the sintering temperature was 2550°C (Comparative 
Example 4). n a" in the table denotes barrier walls positioned near the center of the honeycomb 
structure, f, b" denotes barrier walls situated at the periphery, and "c" denotes barrier walls 
situated farther to the periphery. 
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Key: 1 


Additives in honeycomb molded body 


2 


Additive 


3 


' Content at periphery (%) 


4 


Content at center (%) 


5 


Honeycomb molded body sintering conditions 


6 


Crucible used 


7 


Sintering temperature (°C) 


8 


Retention time (h) 


9 


Honeycomb structure barrier wall structure 


10 


Location 


11 


Average aspect ratio of tabular crystals 


12 


Average minor diameter thickness of tabular crystals (nm) 
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13 


Average pore diameter of open pores (jim) 


14 


Open porosity (% TD) 


15 


Content of tabular crystals with aspect ratios of 2 to 50 (%) 


16 


Cumulative thickness of trapped particles (mm/5 h) 


17 


Honeycomb temperature at sintering and removal (°C) 


18 


Application Example 


19 


Free carbon 


20 


Porosity 20% 




Graphite crucible 




Break down 


21 


Properties 



As is clear from the table, the honeycomb structure of the present invention has an 
average pore diameter that progressively increases from the center barrier walls to the peripheral 
barrier walls. Moreover, when this structure was used for trapping microparticles in exhaust gas 
for 5 h in the form of a particulate trap filter for diesel engines producing particle diameters of 1 
to 30 \im, the thickness of accumulated microparticles changed continuously from the central 
regions to the peripheral regions in both application examples, with the microparticle thickness 
being 0.4 mm in the center region (a) and 0.6 mm at the outermost peripheral region (c) in 
Application Example 1. 

Consequently, when an excess of 0 2 was added to the honeycomb structure pertaining to 
the present invention and ignition was brought about at 800°C, the temperature during 
temperature elevation was 1000°C at the periphery in Application Example 1, and the 
temperature during temperature elevation was 1020°C at the center. The tem perature diffe rential 
q&sextr emely sma n ^ eac h 0 f fa e application examples, and there were no problems with fusion 
damage or resistance to thermal impact. ~~ * £ ~~— ~— — 



Effect of the invention 

The silicon carbide honeycomb structure of the present invention has a three-dimensional 
network structure in which tabular crystals are intertwined in a complicated manner. 
Consequently, the structure is effective in heat transfer, chemical reactions, material transfer, and 
other functions arising at the barrier wall surfaces. In addition, the average pore diameter 
increases from the center barrier walls to the peripheral barrier walls of the structure, and so the 
heat of combustion does not accumulate in the center region when heated with the objective of 
reuse, thereby preventing and fusion damage and thermal shock damage in the barrier walls. 
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Brief description of the figures 

Figure 1 is a plan view of the honeycomb structure of the present invention. Figure 2 is a 
cross-sectional schematic diagram. 
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Figure 1 



Key: 1 Average pore diameter 

2 Large 

3 Average pore diameter 

4 Large 

5 Small 

6 Large 

7 Small 

8 Large 
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Key: 1 Average pore diameter 

2 Fluid 

3 large 

4 Small 

5 Large 



